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1.0 ABSTRACT 
From measurements made t h i s  
the Le1 1 en,fs o f  sodium ama 
whether the e l e c t r o l y t e  i s  
about IO” above the c r i t i c a  
quar ter  on c e l l  63, we hdve establ ished t h a t  
gam Concentration ce i  Is are independent of 
i q u i d  o r  gaseous. Cell 63 was run t o  145OC, 
n 
temperature. Though l o s t  a t  55-C upon cooling, 
amalgam samples from three e lect rodes were recovered and analyzed, showing 
sodium concentrat ions o f  15, 4.11 and 0.56 mole percent. 
The conclasion t h a t  the c e l l  emf o f  sodium amalgam concentrat ion c e l l s  i s  
independent o f  e l e c t r o l y t e  s t a t e  i s  based on measurements o f  c e l l s  58 and 
63 and bas been pred ic ted  from t heo re t i ca l  cons iderat ions.  
ments v e r i f y  t he  r e s u l t s  o f  the analys is  i n  the  f i f t h  qua r te r l y  r3l;ort. 
These measure- 
Cell 69, a metal-amalgam insolub le-sa l t ,  was run t o  100°C and cooled t o  
room temperature. I t s  z inc  and t h a l l i u m  e lect rodes were wel l  emugh 
behaved t o  a l l o w  observation o f  ind iv idua l  disturbances and t o  i s o l a t e  
I n  t h i s  c e l l ,  t he  two Tl(H9)/T1Cl2 e lect rodes were bo th  
Zn( t!g)/ZnCI2 e lzct rodes.  
1 s were run, producing 
t h e i r  caases. 
more unstable 
Two add i t iona  
1 i t t l e  usefg l  
and less reve rs ib le  than the  two 
metal-amalgam inso lub le -sa l t  ce 
data. A new c e l l  f i l l i n g  system has been designed and 
b d i l t ,  p e r m i t t i n g  the  f i l l i n g  o f  from one t o  four  c e l l s  simply, thus 
making the  ce l l  supply more responsive t o  the needs o f  the program. 
- 1  - 
2.0 E X P E R I H E M A L  
2.1 CELL FILLING SYSTEM 
A new system ;>as been designed and bJilt to reduce t;ie cell loss rate, and 
increase tfie versatility and speed o f  filling. In the new system we condense 
ammonia into the cell from the gas phase rather than dripping it i n  as a 
liquid frcn: a condenser. This, pius ti:e a~se of valves in a l l  the lines, 
simplifies the control and isolates each cell. 
The new system i s  set up for filling f 9 - r  cells at one time. It i s  now 
practical to fi l l  as few as one or tw c-,lfs to meet a specific need. 
group of h u r  cells h a s  been preparxl an.: filled o ti;is systsm withod loss. 
The electrcde cem;zsitions i z r  these c z i l s  are given in Table 1 .  
A 
TqBLE 1 
CCMPOSITION OF THE METI,L-9MALGAM ELECTRODES 
DETERM I NED BY i.lE I GHT 
tlLECTXODE COHPOS I T  I ON MOLE $ METAL 
CELL 
~ -_ 
A 6 C D 
61 1.77 Pb 2 . a  3-1 1.94 T ?  2.13 Pb 
42 1.44 Fb 3.37 Cd 2.60 Cd 2.83 Pb 
49 2.35 T I  7.14 Zn 4.90 In 3.84 TI 
71 1.97 Pb 6.65 In 9.53 Zn 2.33 Pb 
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2.2 CEtiS 61 and 62 
Ce l l  61 f a i l e d  a t  37OC because o f  a g l a s s  f law. 
gained because o f  the narrow temperature range (24 
emfs of t f l i s  c e l l ,  which used Pb and T1 amalgam inso lub le -sa l t  electrodes, 
were except iona l l y  small (< 0.05 v o l t s ) ,  
No i lLeful  in format ion was 
0 - 37OC) coverzd. The 
Because o f  the s i m i l a r i t y  o f  t h i s  
es, we are  cu r ren t l y  anaiyzing the  c e l l  design. ':e expect to 
nor changes t o  improve t? ,e  st rength a r o m d  the electrodes. 
and o ther  f a i l  
make several m 
Ce l l  62 (Table 
. "  t t  was surmised t h 3 t  i f  t h z  r i is t=5 i  t i L;z: 3t ~sc?ni temperatcre wei-e d:re t o  
babble format ion, ?lien t h i :  e f f e c t  w m l d  $e - 3 i t e r e 3  a t  h igh tezperatures. 
! - i rs t , the e l e c i r o l y t e  woaid De i n  d gdx0'-1s s t a t e  so t h a t  there \F./oGid be 
no s i i r fsce tension t o  cors i i -a in  g:sm~:'- r i a t c r i a l  ?o remain cext Co e lec t rode 
surface. a s  bdbbles. Second, i f  bubule forma.:ion were dge t o  inhomogenity 
i n  the amalgam, the  r a t e  o f  e q u i l i b r a t i o n  might be r a p i d  enough a t  150 C SO 
t h a t  t he  amalgam woirld becone mare : . : ,? i f~ i -m and ?tie p a r a s l t r c  c ( i r ren ts  would 
the re fo re  d imin ish.  Since no improverent ir, s t a h i l  I t y  was m t e d  e i t h e r  a t  
!53 i; or when the temperature had b x n  ?rapped su5;tantially below isis, the  
c e l l  was abandoned. 
0 
0 
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2.3 CELL 63 
A sodium-amalgam concentrat ion c e l l ,  number 63, was run from 20' t o  146OC 
and down t o  55OC. 
head seals, t he  pressure dropped, and the cell ruptured. Samples o f  three 
o f  the  four  electrodes were recovered and analyzed. The emfs for the six 
e lect rode p a i r s  were s tab le t o  0.1$, both i n  the l i q u i d  and dense gaseous 
states, and general ly consistent titroughout the e n t i r e  range, On heat ing 
t h i s  c e l l ,  temperatures were changed every one t o  two hours dur ing the day 
t o  speed the run so t h a t  e q u i l i b r a t i o n  was not as thorough as i n  some of 
the e a r l i e r  r-rns. 
compatible w i t h  the coo l i ng  data. 
During the night, a leak developed i n  the  pressure vessel 
The heat ing data taken a t  t h i s  r a t e  were general ly 
Using the data from t h i s  c e l l  and c e l l  58, along w i t h  the ana lys i s  presented 
i n  t h e  F i f t h  Q u a r t e r l y  Report, one can conclude t h a t  e q u i i i b r i o m  emfs of 
sodium-amalgam concentrat ion c e l i s  a r e  independent of e l e c t r o l y t e  state.  
Measurements o f  both ce l  Is 58 and b3 show tha t  there i s  no change i n  the 
c e l l  emf i n  t h e  region o f  the t r a n s i t i o n  from the  l i q u i d  s t a t e  t o  the dense 
gaseous s tate;  i.e., around 133OC. 
of  such sodium amalgam concentrat ion c e l l s  i s :  
The der ived equation fo r  the emfs, E, 
RT 
F 1 2  E = - l n a / a  
0 where T i s  the temperature i n  
the  two amalgams in  mole percent, and R and F are the gas and Faraday con- 
s tan ts .  There are no e l e c t r o l y t e  terms i n  t h i s  expression. 
K, al and a2 are the sodium a c t i v i t i e s  i n  
-5- 
2.3.1 ELECTRODE AHALGAH ANALYSES 
Samples of three electrode amalgams Were analyzed by Truesdai 1 Laboratories 
in Los Angeles. The analyses were done as follows. 
The exterior surfaces of the sample containers were carefully cleaned and 
dried, and the containers with their samples intact were weighed. The 
samples were then transferred to standard taper flasks, and any residues 
remaining in the containers were washed into the respective flasks. The 
sample containers were carefully recleaned and dried and the sample weights 
determined by difference. 
An exact amount of  standard hydrochloric acid, the amount and normality of 
which was governed by the sample weights, -was added to each flask. The 
flasks were agitated for lb hours by means of a mechanical wrist-action 
chaker. Blank samples were prepared and handled in exactly the same manner. 
A t  the conclusion of the I6 hours, the samples and the blanks were back 
titrated with standardized NaOH, usinc, methyl red indicator. The amount 
of HCl neutralized was determined by comparison with the corresponding 
blank. 
Since there was the possibility of sample contamination with NaNH2 which 
would give erroneously high results, Nessler ammonia determinations were 
performed on the neutralized solutions and applicable corrections made. 
Only sample D was found to contain ammonia in the solution. 
c 
::re results of tl;a analyses are 
Sodium Hydroxide, 
Samp 1 e Mole Percent 
15 .OT 
4.1 1 
0.5b 
% h e  accuracy of t h i s  determination is questionab 
vi3Ight was only 10.3 milligrams and ti le titration 
::. ’? 1 n3r:xa 1 i;y d roch 1 or i c ac i d . 
I ? . , T  2 Thc Sodium-Mercury Phase Diagram 
she -ange O F  
in the phase 
ccoss  f r o m  a 
7ernpera t ures 
then be sing 
Jeviations in 
s + r t ~ s  in equ 
e, since the total sample 
was 0.09 mi 1 i 1 iters of 
! ;?f~re  rGviewing the experimental c m f  data, we shall examine tiie states of 
,-hz various sodidm amalgam electrodes. The compositions for slcctrodes e., 
f &:IC! D i’rc indicated on the phase diagram in F i g .  2. Although the composition 
8f ditccrode E is uncertain, i t  is i n  the correct direction. A s  pointed out 
i n  earlier reports, the concentration of sodium in the various electrodes 
g ~ n e r a i i y  incrcaszs progressively in going from D to C to B to A .  Eoth 
G’ectrodes C and D should be in ti,e single phase liquid region tliroqi-out 
the experimental meas.irements. I f  there are any discrepancies 
diagram or in the determined compositions, electrode C would 
t w o  phase to a one phase liquid region at relatively low 
Other than this possibility, both of these eiectrodas should 
e phase 1 iquids throughout tile range of measurements. Therefore, 
the emfs of the electrode pair DC from Eq. ( 1) may be dce to 
libria between complex sodium spzcies in the .amalgans. 
-7- 
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30 
A ! t h p q h  ti12 composition of  e loct roda E? i s  uncertain, i t s  genzral l oca t i on  
or) the phase diagram i s  a reasonable one. Since amalgam B i s  a two phase 
system f o r  a t  l e a s t  much o f  the  temperature range, i t  may requ i re  more e q u i l i -  
b r a t i o n  t ime than do electrodes C and 0. 
I lnfortunately,  amalgam A was not recoverable. Amalgam A i s  undoubtedly more 
concentrated than the  other  amalgams because it was s o l i d  a t  room temperature 
& r i n g  preparat ion of the  c e l l .  
emfs. The emfs a t  room temperature are i n  consis tent  agreement w i t h  the 
conceqtrat icn szqdence D-C-B-A. 
ir:catio;: o f  e lect rode A on the  phase diagram, i t  i s  c e r t a i n l y  morc con- 
c~;.:r.3t:d th3n z lect rode 6 .  
This  can a l s o  be seen i f  one examines the  
Although we have not ye t  establ ished the  
2.3.3 Experimental Data 
The ~h;~nl]es i n  emfs o f  the  three z lcct rode p a i r s  i nvo l v ing  t k e  most cot)- 
C e i r C i - a L S d  amalgam, e lect rode A (Table 1 1 1  and F ig .  3A,  36 and 3F), are o f  
t h i  o..c'~r of 200 t o  250 mv over t1x range o f  20 t o  145 C. These c l x t r o d e s  
are  well bzhavdd and the emfs vary i n  a simp e manner f r o m  20 ( w i t h  the 
e !Lc t to l y t zs  i n  th; l i q u i d  s ta te )  t o  145OC ( n the  dense gaseous s ta te ) .  
The e lect rode p a i r s  A-C and A-0 are both f a i r l y  l i n e a r  over t f le range, whereas 
,443 hss a w z l l  developed curvature. As we saw i n  the  l a s t  section, amalgams 
C 2nd D a re  hotit s i ng le  phase l i q u i d s  whereas 6 i s  a t w o  phasz amalgan over 
most o f  th2 range. The data f o r  these th rce  e lect rode p a i r s  es tab l i sh  
unaribiguously t h a t  there i s  no appreciable d i f f e rence  i n  behavior i n  the  
e q u i l i b r i u m  emfs o f  the c e l l s  t h a t  may be a t t r i b u t e d  t o  the  d i f ferences 
0 
0 
-8- 
TABLE I I I 
MEASURED EMFS FOR SODIUM AMALGAM ELECTRODE CELL 63 
Elect rode Descr ip t ion:  A - Spongy S o l i d  
B and C - L i q u i d  w i t h  brown l aye r  1 m t h i c k  on top 
D - Clean l i q u i d  
TIME ELECTRODE 
HOURS C DA DC DB A0 AC BC 
0 
2 
20.5 
23.5 
24.75 
43.5 
44.75 
46.75 
47.5 
48.25 
49 
49.5 
49.75 
50.5 
51.75 
52.5 
53.5 
55.5 
58.5 
67.5 
73-5 
77.5 
79.5 
85 -5 
22 
35 
40 
57 
67 
79 
88 
97 
1 os 
120 
130 
1 40 
137.5 
143.0 
144.2 
136 
129.2 
117.2 
102.0 
85 .o 
68.8 
78.2 
66.6 
55 -2  
+o. 11781 
+O .1345 
+O. 15019 
+O .1570 
+O .2278 
+O .2450 
+o .2560 
i-0.2695 
+O .2874 
+O. 3 104 
+o 3350 
+O .3292 
+0.3312 
+O -3304 
+O .3287 
+O .3044 
+o .2948 
+o .2656 
+O .23429 
+O 2361 5 
+o .22 19 1 
+O ,20793 
+O .18694 
+O .06299 1 
+O .06585 
+o .om56 
+O .07877 
+a. 08426 
+o . 08608 
+o .08602 
+O .0877 
+o .088g 
+O .8983 
+O .OgO47 
+O .OgO72 
+o .092 12 
+O .092 14 
+O .Og 195 
+o .09226 
+O .Og 1 57 
+o ,09087 
+O .08930 
+O .086932 
+O .08647 
+O -08599 
+o .0856 1 
+o .079585 
+O .08334 
+O .08707 
+o . oggooo 
+0.1184 
+0.1187 
+0.11g6 
+O. 1 1752 
+0.1161 
+O. 1134 
+O. 1137 
+0 . 1 141 
+0.11549 
+O . 1 1 55 
+0.1166 
+o.i 178 
+O .11905 
+o. 11991 
+o .12067 
+o. 12021 
+O. 11874 
+0.11503 
+O .12393 
-0.038145 
-0.05 1 07 
-0.06308 
-0 * 09557 
-0.1077 
-0.1 245 
-0. i 368 
-0.1690 
-0.1984 
-0.2 166 
-0.2 168 
-0.2 1 63 
-0.2131 
-0.1880 
-0.15324 
-0.223 1 
-0.17603 
-0.14564 
-0.11032 
-0.10176 
-0.08936 
-0.11533 
-0.07383 
-0.054733 
-0.06656 
-0.081 63 
-0.1 1515 
-0.1428 
-0.1569 
-0.1705 
-0.18296 
-0.1971 
-0.2242 
-0.2493 
-0.2425 
-0.2425 
-0.2420 
-0 9 2399 
-0.2 166 
-0.2035 
-0.17460 
-0.14500 
-0.14914 
-0.13552 
-0.12217 
-0.10328 
-0.0 1 6602 
-0 .o I 650 
-0.02003 
-0.03446 
-0.01750 
-0.01 9 17 
-0.03275 
-0.03358 
-0.02970 
-0.02790 
-0.02610 
-0.0260 1 
-0.02584 
-0.02667 
-0.02865 
-0.0291 1 
-0.0254 
-0.02745 
-0.02739 
-0.03468 
-0.03378 
-0.03370 
-0.03275 
-0.02975 
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Figure 3 ~ .  E m f s  for Sodium Amalgam Electrode Cell 63. 
Circled points are heating, squares are cooling 
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Figure 3C. Emfs for Sodium Amalgam Electrode C e l l  63. 
Circled points a r e  heating, squares a r e  cool ing.  
in  l i q u i d - l i k e  versus dense gaseous-like p roper t i es  of  the electrolyte,s ince 
t h e  emfs increase r e g u l a r l y  w i t h  increasing temperature throughout the  e n t i r e  
range. 
in  the case o f  the three e lect rode p a i r s  i nvo l v ing  amalgam A, t he  change in  
mft over the temperature range i s  large, being o f  t he  order of 200 t o  250 
mv. 
i n  the value a t  h igh  temperature t h a t  i s  s t r i k i n g l y  d i f f e r e n t  from the  o the r  
p a i r s .  
The i n i t i a l  emfs may be small (40, 55 and I15 mv), but  i t  is the increase 
The emfs o f  e lect rode p a i r s  not invo lv ing e lect rode A a re  a l i t t l e  smaller 
(15, 60 and 80 mv), and the changes i n  emfs over the  temperature range a re  
much smaller (20 t o  40 mv) than for the "A" p a i r s .  The noi;-A p a i r s  e x h i b i t  
hystereses o r  changes o f  about IO t o  3Q mv below 80°C between the  data c o l -  
l ec ted  a t  increasing versus decreasins temperatures. A poss ib le  explanat ion 
o f  the breaks i n  the B-C, B-D, C-D curves i s  lack o f  e q u i l i b r a t i o n .  I f  one 
examines the po in ts  where a quarter t o  one day i s  a l l o c a t e d  f o r  s q u i l i b r a t i o n ,  
t he  behavior of t ? e s e  p o i n t s  seems t o  be adequate. Th is  w u I d  ind icate t h a t  
v a r i a t i o n s  o f  the order of 10 mv are a t t r i b u t a b l e  t o  lack o f  thorough equi-  
l i b r a t i o n  i n  the system. Var ia t ions o f  10 mv do not a f f e c t  the general 
behavior noted f o r  e lect rode p a i r s  AB, AC and AD. 
A l l  t he  e lect rode p a i r s  a re  we l l  behaved above 8 0 ° C .  
e a r l i e r  t h a t  the e q u i l i b r i u m  emfs are independent o f  the s ta te  of the 
e l e c t r o l y t e  f o r  amalgam concentrat ion c e l l s  i s  t he re fo re  j u s t i f i e d  for a l l  
t he  e lect rode p a i r s  f o r  the ranga of 80 t o  145OC. 
The conclusion drawn 
2.4 
Co l l  69, a metal-amalgam inso lub le -sa l t  c e l l ,  has been run t o  1 0 0  C and 
hack t o  r o o m  temperature. 
t h i s  c e l l  was somewhat weaker than usual and the  expansion bu lb  was small. 
Though of on ly  average s t a b i l  i t y  (&  1 mv), c e l l  69 was we1 1 behaved. 
T1-Zn p a i r s  a l l  have la rge  emfs (Table I V ) .  
er?fs ye t  recorded on t h i s  program. 
the p o s i t i v e  emr's o f  t h i s  c e l l  a re  negative. 
CELL 69 (TL( HG)/TLCL2 AND Z N (  HG)/ZNCL2 ELECTRODES) 
0 
This  was done because the g lass envelope of 
The 
These a re  among the  highest 
The temperature c o e f f i c i e n t s  o f  a l l  
T te re  a r e  several features o f  the  emf data which permit concl* ls ions t o  be 
cfrawn c7hut p a r t i c d l a r  e lect rodes.  
arr.?lgm A i n  cornon ( F i g .  44, 46 and 4C), those p o i n t s  a t  45 , 61 
*?4cIZ are  a l l  f a r  f r o m  the  expected walcies. Th is  disturbance d i d  not repeat 
i + s e i i  orl c m l i n g .  F ig .  4C, 4E and 4F show an i r r e v e r s i b i l i t y  i n  e lec t rode 
D ,  <he. o ther  t t i a l l  i t l m  e lect rode.  
pocrly. 
rancp, as was e lect rode C, one of the  z inc  e lect rodes.  The other  z inc  
zlectrodz, 5, was a two-phase amalgam below about 35 C, and a one-phase 
one abvve t l i i s  temperature. The data a re  too scat tered t o  show e f f e c t s  
:!-le t o  t i t i s  feature. I t  i s  evident from the  data tha t  the Zn(Hg)/ZnCI2 
e lec t rodes  were considerably b e t t e r  behaved than were the Tl(Hg)/T1Cl2 
c1::cs. 
I n  the  th ree  e lec t rode p a i r s  w i t h  T1 
and 0 0 
Thus, bo th  T1(Hg)/TICl2 e lect rodes behaved 
Both t h a l l  i u m  e lect rodes were one-phase 1 iqu ids  over tl;e c n t i r e  
0 
0 
A t  100 C the electrochemical response r a t e  o f  t h i s  c e l l  was Found t o  be 
PIC? greater  than 1-1/2 hours for a f 10 C temperature change. Thermal 
e q d i l i b r i u m  rcqu i r zd  about 30 minutes a f t e r  a 10 C change i n  tcmpcrature. 
0 
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3,.0 SHALL PRESSURE VESSEL ~JIOOIFIC~~TIONS 
It was planned to modify the top closure o f  the small pressure vessel dur- 
ing this quarter. 
o f  the large and small vessels interchangeable, thus expediting the running 
The planned modification would have made the closures 
the existing bomb has show that, of cells in both vessels. A study of 
though the modifications are possible 
plan  to continue to examine this prob 
at once w u I d  accelerate the program. 
they w i l l  be too expensive. We 
em as the ability to run two cel S 
-13- 
t's1n5 c d l l s  58 and b3, we have as ta t l i shed  t h a t  t h e  emis o f  sodium amalgam 
concmt ra t i on  c e l l s  are indegendent ~f the s t a t e  of the  z l x t r o l y t s .  
comgletd t : . is  p m s 3  of t rc:  program, w5 a rc  p lanning t o  t r y  t o  m k s  a repro- 
duc ib le  rcf&rLnc.? zlectrode, 3rd t h e n  t o  make a f i n a l  set  o f  measurements. 
To 
Us;ng a new c z i l  i i l l i n s  system, we are now ab le  t o  f i l l  small numbers of 
e l i s  rap id l y .  
Previodsly, t h ~ s  y r q a r 4  a b o d  thr3L mantiis supply o f  c e l l s  a t  o w  time. 
t i ~ w  h.3 can 2re;arz a new c ~ l l  f o i  t i -e next run. 
Titis w i l l  enable LIS t c  rsspond t o  current  data mor2 read i l y .  
0 
~ ~ d s ~ r - r n d n t s  cn t ~ ~ j l  dg s l o w  t h a t  3t 100 C the  elactroct-,emical J q z i i i b r a t i o n  
a f t e r  a t,rnp;r31~r, ciiange o f  10 C rccy i res  m r e  than 1-1/2 hcars. AS a 
r i 2 z q ~ l t :  wc a r 2  now a l low ing  b o r  more 'F;c;urs between readings whcci-: there  
Ts a tlemp2ratut-z r;:.ange. 
0 
. . - .. .- -------- 
5.0 NEXT QUARTER 
Measurements will continue on the effectsofthe ekctrolyte state on the 
emfs of  metal-amalgam insoluble-salt electrodes. 
We plan to try to develop a reference electrode for use in anmwnia over this 
temperature range. Our f i r s t  t r i a ?  w i ! l  be a pure metallic-lead insoluble- 
salt electrode. 
cell, and evacuate. 
kle will add PbC12 to a metallic lead powder, seal o f f  the 
Then we w i l l  subject the c e l l  (under vacuum) t o  ultra- 
sonics, since this generally leads to evolution of volatile contaminants. 
After this we w i l l  heat the electrode to melt the lead. Then the cell will 
be filled and sealed off for measurements. 
Preparation of a paper on the nature o f  amnoniacai soiutions wilt be c m -  
pletsd and submitted for publication. 
